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Hypothesis Testing continued

8.5 z Tests about a Population Proportion

8.6 Type Il Error Probabilities and Sample Size
Determination (Optional)

8.7 The Chi-Square Distribution (Optional)

8.8 Statistical Inference for a Population
Variance (Optional)
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Null and Alternative Hypotheses

“*Thenull hypothesisdenoted,, is a statement of the
basic proposition being tested.

**The statement generally representssifa¢us quo
and is not rejected unless there is convincing sample

evidence that it is fal.

“*Thealternativeor research hypothesisgenoted,, is
an alternative (to the null hypothesis) statement that will
be accepted only if there is convincing sample evidence

that it is true
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Types of Hypotheses

* One-Sided, “Greater Than” Alternative
Ho: HS Mo VS, Hyl > g

** One-Sided, “Less Than” Alternative
Ho H2Ho VS.  Ha U<

“* Two-Sided, “Not Equal To” Alternative
Ho H=Ho VS. HyiH# W

where |, IS a given constant value (with the
appropriate units) that is a comparative value
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Types of Decisions

“*As a result of testing H, vs. H_, will have to
decide either of the following decisions for the
null hypothesis H,:

“*Do not reject H,
“*A weaker statement than “accepting H,"
“*But you are rejecting the alternative H_

OR
“*Reject H,
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Examples of Hypothesis

» Example 8.1. The trash bag case
“H,: u<50
“sversus H_: y>50
*» Example 8.2. The accounts receivable case
“H, u=195
“eversus H,: y<19.5
*» Example 8.3. The camshaft case
$Hy u=4.5
seversus H_: y # 19.5
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Test Statistic

< In order to test H, vs. H,, use the “test statistic”
_ X~ Ho _ X~ Uy

O x 0/\5

where |, Is the given value (often the “claimed to be
true”) and [X] is the mean of a sample

Z

“* Z measures the distance between L, and X on the
sampling distribution of the sample mean

% If the population is normal or the sample size is large’,
then the test statistic z follows a normal distribution

"n 2 30, by the Central Limit Theorem
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Type | and Type Il Errors

Type | Error:  Rejecting H when it is true
Type Il Error: Failing to reject lgwhen it is false

State of Nature

Conclusion Ho True | H False

Reject H Type | Correct
Error Decision

Do not Reject Correct |Type Il
Decision |Error
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Error Probabilities

Type | Error: Rejecting H when it is true

. 0 Is the probability of making a Type | error
1 —a is the probability of not making a Type | error

Type Il Error : Failing to reject Hwhen it is false

. [Bis the probability of making a Type Il er
1 —[ is the probability of not making a Type Il error

State of Nature

Conclusion H, True | H, False
Reject H

a 1-a

Do not Reject i 1-8 3
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Typical Values

*» Usually set a to a low value

** So that there is only a small chance of rejecting a true
HO
“*Typically, a = 0.05
“*For a = 0.05, strong evidence is required to reject H,

**Usually choose a between 0.01 and 0.05
% o = 0.01 requires very strong evidence is to reject H,

‘*Sometimes choose a as high as 0.10

*» Tradeoff between a and 3

**For fixed sample size, the lower we set a, the higher (3
**And the higher a, the lower 3
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Z Tests about a Population Mean

(o Known): One-Sided Alternatives

“* Test hypotheses about a (normal) population
mean using the normal distribution

+*Called z tests

‘*Require that the true value of the population
standard deviation o Is known

**In most real-world situations, o is not known
“*But often is estimated from s of a single sample

*When o is unknown, test hypotheses about a
population mean using the t distribution

‘*Here, assume that we know o
“+ Also use a “rejection rule”
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Steps In Testing a “Greater Than”

Alternative

The steps are as follows:

1.

2.
3.
4

State the null and alternative hypotheses
Specify the significance level a
Select the test statistic

Determine the rejection rule for deciding whether or
not to reject H,

Collect the sample data and calculate the value of
the test statistic

Decide whether to reject H, by using the test statistic
and the rejection rule

Interpret the statistical results in managerial terms

and assess their practical importance
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Steps In Testing a “Greater Than”

Alternative in Trash Bag Case

1. State the null and alternative hypotheses

“Hy: p <50
H,:pn>50

where U Is the mean breaking strength of the
new bag

2. Specify the significance level a
“ a=0.05
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Steps In Testing a “Greater Than”

Alternative in Trash Bag Case (Cont.)

3. Select the test statistic
¢+ Use the test statistic
_X-50 _ X-50

- O x G/ﬁ

¢ A positive value of this this test statistic results
from a sample mean that is greater than 50 |bs

< Which provides evidence against H, in favor of H,
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Steps In Testing a “Greater Than”

Alternative in Trash Bag Case (Cont.)

4. Determine the rejection rule for deciding whether
or not to reject H,
¢+ To decide how large the test statistic must be to
reject H, by setting the probability of a Type |
error to a, do the following:

“+ The probability a is the area in the right-hand talil
of the standard normal curve

% Use the normal table to find the point z, (called
the rejection or critical point)

%z, Is the point under the standard normal curve that
gives a right-hand tail area equal to o

**Since a = 0.05 in the trash bag case, the rejection
pointis z, =z, 45 = 1.645
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Steps In Testing a “Greater Than”

Alternative in Trash Bag Case (Cont.)

4. Continued

“* Reject H, In favor of H If the test statistic z IS
greater than the rejection point z,

s+ This is the rejection rule

**In the trash bag case, the rejection rule is to
reject H, If the calculated test statistic z Is >
1.645
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Steps In Testing a “Greater Than”

Alternative in Trash Bag Case (Cont.)

. Collect the sample data and calculate the
value of the test statistic

** In the trash bag case, assume that ¢ is known
and g = 1.65 Ibs

* For asample of n =40, X1 =50.575 Ibs. Then

X—50 _ 50.575-50

" o/n 1.65/v40

= 2.20

Z
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Steps In Testing a “Greater Than”

Alternative in Trash Bag Case #6

6. Decide whether to reject H, by using the test
statistic and the rejection rule

‘*Compare the value of the test statistic to the
rejection point according to the rejection rule

“*In the trash bag case, z=2.201s >z, ,; = 1.645
“*Therefore reject H,: i = 50 In favor of H_: u > 50
at the 0.05 significance level

“*Have rejected H, by using a test that allows only a
5% chance of wrongly rejecting H,

“*This result is “statistically significant” at the 0.05
level
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Steps In Testing a “Greater Than”

Alternative in Trash Bag Case #7

/. Interpret the statistical results in managerial
terms and assess their practical importance

s+ Can conclude that the mean breaking strength of
the new bag exceeds 50 Ibs
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Steps In Testing a “Greater Than”

Alternative in Trash Bag Case (Cont.)

Trash Bag Case:
Testing H: 1< 50 versus H u > 50 for:

) / (a)a = 0.05
i

I
1 .E3|~45

| If z > 1.645, reject Hy: g = 50
(b) Setting o = .01
- o = 01 (b) o =0.01
|
0 |
1
2.33

| If z > 2.33, reject Hy: u = 50
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Effect of o

“*At a = 0.01, the rejection point is z; ; = 2.33

“*In the trash example, the test statistic
2=220<2z,,5 =2.33

“* Therefore, cannot reject H, in favor of H, at
the a = 0.01 significance level

“*This Is the opposite conclusion reached with o
=0.05

S0, the smaller we set a, the larger is the
rejection point, and the stronger is the statistical
evidence that is required to reject the null
hypothesis H,
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The p-Value

s Thep-valueor theobserved level of significance
IS the probability of the obtaining the sample
results if the null hypothesisyhs true

¢ The p-value is used to measure the weight of the
evidence against the null hypoth

“ Sample results that are not likely if 4 true
have a low p-value and are evidence thashiot
true

¢+ The p-value is the smallest valuecofor which
we can reject K

** Use the p-value as an alternative to testing with a

Z test statistic
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Steps Using a p-value to Test a

“Greater Than” Alternative

(Steps 1-3 are identical)

4. Collect the sample data and compute the value of the
test statistic

**In the trash bag case, the value of the test statistic
was calculated to be z = 2.20

5. Calculate the p-value by corresponding to the test
statistic value

**In the trash bag case, the area under the standard
normal curve in the right-hand tail to the right of the
test statistic value z = 2.20

s The areais 0.5 -0.4861 = 0.0139
**The p-value i1s 0.0139
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Steps Using a p-value to Test a

“Greater Than” Alternative (Cont.)

5. Continued

“*If H, Is true, the probabillity is 0.0139 of obtaining a
sample whose mean is 50.575 Ibs or higher

“*This Is so low as to be evidence that H, is false and
should be rejected

6. Reject H, If the p-value is less than a
**In the trash bag case, a was set to 0.05

¢ The calculated p-value of 0.0139 is < a =0.05

“*This implies that the test statistic z = 2.20 is > the
rejection point z, s = 1.645

“* Therefore reject H, at the a = 0.05 significance level
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Using a p-value to Test a

“Greater Than” Alternative

Testing Hy: <50
versus H_: y> 50
by using rejection
points and

the p-value.

(a) Setting @ = .05
a = .05
.45
0

I
‘ If z > 1.645, reject Hy: u = 50

(b) The test statistic |
and p-value |
4864 : p-value = .0136

N

0 Il
2.2123
|
|
|
(c) Setting « = .01 |
|
I
0 Z 01
Il

If z > 2.33, reject Hy: . = 50
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Steps In Testing a “Less Than”

Alternative in Payment Time Case

1. State the null and alternative hypotheses

“*In the payment time case, H,: 12 19.5vs. H_: u
< 19.5, where p is the mean bill payment time (in
days)

2. Specify the significance level a
“*In the payment time case, set a = 0.01
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Steps In Testing a “Less Than”

Alternative in Payment Time Case (Cont.)

3. Select the test statistic
* In the payment time case, use the test statistic
_X-195_X-195

o O G/\/ﬁ

“ A negative value of this this test statistic results
from a sample mean that is less than 19.5 days

< Which provides evidence against H, in favor of H,
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Steps In Testing a “Less Than”

Alternative in Payment Time Case (Cont.)

4. Determine the rejection rule for deciding
whether or not to reject H,
“* To decide how much less than 0O the test statistic

must be to reject H, by setting the probabllity of
a Type | error to a, do the following:

“* The probability a is the area in the left-hand tail
of the standard normal curve
% Use normal table to find the rejection point —z,
“»—2, Is the negative of z,
“*—Z, Is the point on the horizontal axis under the

standard normal curve that gives a left-hand tall
area equal to a
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Steps In Testing a “Less Than”

Alternative in Payment Time Case (Cont.)

4. Continued
“*Because a = 0.01 in the payment time case, the
rejection pointis -z, = -z 5, = —2.33
“* Reject H, In favor of H, If the test statistic z is
calculated to be less than the rejection point — z,
s+ This is the rejection rule

“*In the payment time case, the rejection rule is to
reject H, if the calculated test statistic —z is less
than —2.33
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Steps In Testing a “Less Than”

Alternative in Payment Time Case (Cont.)

5. Collect the sample data and calculate the
value of the test statistic

* In the payment time case, assume that o Is
Known and o = 4.2 days

* For asample of n =65, [XI = 18.1077 days:

_ X-19.5 18.1077 -19.5

T 0'/\/H 4.2/\/5

= —-2.67
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Steps In Testing a “Less Than”

Alternative in Payment Time Case (Cont.)

6. Decide whether to reject H, by using the test
statistic and the rejection rule

s*Compare the value of the test statistic to the
rejection point according to the rejection rule

“*In the payment time case, z = -2.67 Is less than

“*Therefore reject Hy: i 2 19.5 in favor of
H,: 1 <19.5 at the 0.01 significance level

“*Have rejected H, by using a test that allows only a
1% chance of wrongly rejecting H,

*»*This result is “statistically significant” at the 0.01 level
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Steps In Testing a “Less Than”

Alternative in Payment Time Case (Cont.)

/. Interpret the statistical results In
managerial terms and assess their
practical importance

*+Can conclude that the mean bill payment
time of the new billing system is less than
19.5 days
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Testing a “Less Than”

Alternative in Payment Time Case (Cont.)

Testimi i Hy: 1£=19.5 kundrejt H,: ;£< 19.5 pér a=0.01

a = .01
49

|

—Z 01 0
|

—2.33

It z<< —2.33, reject Hy u = 19.5
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Steps Using a p-value to Test a

“Less Than” Alternative

(Steps 1-3 are the same)
4. Collect the sample data and compute the value
of the test statistic

“*In the payment time case, the value of the test
statistic was calculated to be z = -2.67
5. Calculate the p-value by corresponding to the
test statistic value
“*In the payment time case, the area under the

standard normal curve in the left-hand tail to the
left of the test statistic z = —2.67

*The area is 0.5 - 0.4962 = 0.0038
“*The p-value is 0.0038
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Steps Using a p-value to Test a

“Less Than” Alternative Continued

5. Continued

“*If H, Is true, then the probability is 0.0038 of obtaining
a sample whose mean is as low as 18.1077 days or
lower

“*This Is so low as to be evidence that H, is false and
should be rejected

6. Reject H, If the p-value is less than a
** In the payment time case, a was 0.01

¢ The calculated p-value of 0.0038 is < a =0.01

**This implies that the test statistic z = -2.67 is less than
the rejection point -z, 5, = —2.33

“* Therefore, reject H, at the a = 0.01 significance level
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Z Tests about a Population Mean

(o Known): Two-Sided Alternatives

“* Testing a “not equal to” alternative hypothesis

“*The sampling distribution of all possible sample
means IS modeled by a normal curve

‘*Require that the true value of the population
standard deviation o Is known

<+*\What's new and different here?

**The area corresponding to the significance
level a Is evenly split into both the right- and
left-hand tails of the standard normal curve
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Steps In Testing a “Not Equal To”

Alternative in Camshaft Case (Cont.)

1. State the null and alternative hypotheses

“*In the camshaft case, H,: p =4.5vs. H_: p # 4.5,
where U Is the mean hardness depth of the
camshaft (in mm)

2. Specify the significance level a
*In the camshaft case, set a = 0.05

3. Select the test statistic

+*In the camshaft case, use the test statistic

X—45 X-4.5
7 = =




Steps In Testing a “Not Equal To”

Alternative in Camshaft Case (Cont.)

3. Continued

/

“ A positive value of this test statistic results from a
sample mean that is greater than 4.5 mm

< Which provides evidence against H, and for H_

“ A negative value of this test statistic results from a
sample mean that is less than 4.5 mm

< Which provides evidence against H, and for H_

“ A very small value close to O (either very slightly

positive or very slightly negative) of this test statistic
results from a sample mean that is nearly 4.5 mm

< Which provides evidence in favor of Hy and against H,
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Steps In Testing a “Not Equal To”

Alternative in Camshaft Case (Cont.)

4. Determine the rejection rule for deciding
whether or not to reject H,

“+To decide how different the test statistic must be
from zero (positive or negative) to reject H, in
favor of H, by setting the probability of a Type |
error to a, do the following:

*Divide the a in half to find a/2; a/2 is the tall
area In both tails of the standard normal curve

‘*Under the standard normal curve, the probability
a/2 i1s the area in the right-hand tail and
probabllity a/2 is the area in the left-hand tall
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Steps In Testing a “Not Equal To”

Alternative in Camshaft Case (Cont.)

4. Continued

**Use the normal table to find the rejection
points z,,, and -z,
“*Z,, 1S the point on the horizontal axis under

the standard normal curve that gives a right-
hand tail area equal to a/2

“*—Z,,, IS the point on the horizontal axis under
the standard normal curve that gives a left-
hand tail area equal to a/2
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Steps In Testing a “Not Equal To”

Alternative in Camshaft Case (Cont.)

4. Continued

*» Because a = 0.05 in the camshaft case, a/2=0.025

*» The area under the standard normal to the right of the mean
s 0.5-0.025=0.475

s From Table A.3, the area is 0.475 for z = 1.96
“* The rejection points are
Z,=Zpos =196 OR —-z,=-27;49,5 =—1.96
% Reject H, Iin favor of H, If the test statistic z satisfies
either:
Z greater than the rejection point z,,
OR

—z less than the rejection point -z,
¢ This is the rejection rule
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Steps In Testing a “Not Equal To”

Alternative in Camshaft Case (Cont.)

5. Collect the sample data and calculate the
value of the test statistic

¢ In the camshaft case, assume that o iIs known
and o =0.47 mm

“* For a sample of n =40, X1 =4.26 mm
“* Then

X-45_426-45_ .,

" o/n 04743

Z
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Steps In Testing a “Not Equal To”

Alternative in Camshaft Case (Cont.)

6. Decide whether to reject H, by using the test
statistic and the rejection rule

*»» Compare the value of the test statistic to the rejection
point according to the rejection rule

“In the camshaft case, —z = -3.02 IS < — 7 5,5 = —1.96

“* Therefore reject H,: 1 = 4.5 in favor of H: g # 4.5 at
the 0.05 significance level

“* Have rejected H, by using a test that allows only a 5%
chance of wrongly rejecting H,

¢ This result is “statistically significant” at the 0.05 level
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Steps In Testing a “Not Equal To”

Alternative in Camshaft Case (Cont.)

/. Interpret the statistical results in managerial
terms and assess their practical importance

“*Can conclude that the mean hardness depth of
the camshatft is not 4.5 mm
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Steps Using a p-value to Test a

“Not Equal To” Alternative

(Steps 1-3 are the same)

4. Collect the sample data and compute the value
of the test statistic

*In the camshaft case, the value of the test statistic
was calculated to be z = -3.02

5. Calculate the p-value by corresponding to the
test statistic value
**|In the camshaft case, the area under the standard

normal curve in the left-hand tail to the left of the
test statistic value z = -3.02

*The areais 0.5 -0.4987 = 0.0013
“*The p-value is 2(0.0013) = 0.0026
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Steps Using a p-value to Test a

“Not Equal To” Alternative (Cont.)

5. Continued

“*Thatis, If H, Is true, then the probability is 0.0013 of
obtaining a sample whose mean is as small as 4.26
mm or less

“* This probability is so low as to be evidence that H, Is
false and should be rejected

6. Reject H, If the p-value is less than a
**In the camshaft case, a was 0.05
¢ The calculated p-value of 0.0026 < a = 0.05
“* Therefore reject H, at the a = 0.05 significance level
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Testing a “Not Equal To” Alternative

TestingH,: £=4.5 versudd_: u# 4.5 fora = 0.05

(a) Setting a = .05

wld = .025 al2 = .025
475

1 |

—Z,025 0 2,025
I Il

-1.96 1.96

If z< —1.96, reject Hy: p = 4.5 If z > 1.96, reject Hy: . = 4.5
I |
(b) The test statistic I | p-value = 2(.0013)
and p-value | | = .0026
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Small Sample Tests

about a Population Mean

If the sampled population is normal, we can reject Hy: p = Y, at the
a level of significance (probability of Type | error equal to a) if and
only if the appropriate rejection point condition holds or,
equivalently, if the corresponding p-value is less than a.

Alternative

H. 1> p
H, o1 <
Ha:/’lill’[()

Test Statistic
_X-l4,
U/\/H

Z

Reject H, If:
2>2,

2<-2,

7> z,,,,thatis

Z> Za/2 or z< _Za/z

p-Value

Areg unde stc norma curve right of z
Areaunderstdnormalcurveleft of z

Twice areaunderstdnormal curveright of |z

If 0 unknown and n is large, estimate o by s.




Weight of Evidence Against the Null

¢ Calculate the test statistic and the corresponding
D-value

»* Rate the strength of the conclusion about the null
nypothesis H, according to these rules:

“*If p <0.10, then there is some evidence to reject H,

*If p < 0.05, then there Is strong evidence to reject
HO

“*If p <0.01, then there is very strong evidence to
reject H,

*If p <0.001, then there is extremely strong
evidence to reject H,
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Confidence Intervals vs.

Hypothesis Testing

“*The null hypothesis H, can be rejected In
favor of the alternative H, by setting the
probability of a Type | error equal to a If
and only if the 100(1 — a)% confidence
interval for gy does not contain L,

“*where |, Is the claimed value for the
population mean

“*In other words, if the confidence interval
does not contain the claimed value p,, then
It can be rejected as being false
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Confidence Intervals vs.

Hypothesis Testing Continued

*The a used here Is the same a used In
Chapter 7

+*The confidence levelis 1 — a
“*The significance level is a

“(l—-a)+a=1, sothe confidence level and
significance levels are complementary
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t Tests about a Population Mean

(o Unknown)

“*Suppose the population being sampled is
normally distributed

“*The population standard deviation o Is
unknown, as Is the usual situation

“*If the population standard deviation o Is
unknown, then it will have to estimated from a
sample standard deviation s

<*Under these two conditions, have to use the t
distribution to test hypotheses

**The t distribution from Chapter 7
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Defining the t Random Variable

(o Unknown)

+*Define a new random variable t:
= X"H

si/n

“s*with the definition of symbols as before

**The sampling distribution of this random
variable Is a t distribution with n — 1
degrees of freedom
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% Let

X

Defining the t Statistic

(o Unknown)

be the mean of a sample of size n with

standard deviation s
“ Also, |, is the claimed value of the population mean
“* Define a new test statistic X — W

t

=T

¢ If the population being sampled is normal, and
*» If s Is used to estimate o, then ...

*» The sampling distribution of the t statisticis a t
distribution with n — 1 degrees of freedom
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t Tests about a Population Mean

(o Unknown)

“*Reject H,: 1 = Y, In favor of a particular
alternative hypothesis H_ at the a level of
significance If and only If the appropriate
rejection point rule or, equivalently, the
corresponding p-value is less than o

“*We have the following rules ...
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t Tests about a Population Mean

(o Unknown) (Cont.)

Alternative Reject H, if: p-value

Hipw>H, t>1 Area under t distribution to right of t

HiMH<MH, t<-, Area under t distribution to left of —t

Hy Wz, >ty Twice area under t distribution to
right of [t|

% t,, t,», and p-values are based on n — 1 degrees of freedom
(for a sample of size n)

*eithert>t,,ort<-—t,,
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t-testet mbi njé mesatare popullimi

e panjohur). (Vazhdim)

Reject H,: 1= 14, In favor of a particular alternative hypothesis H,
at the a level of significance if and only if the appropriate
rejection point rule or, equivalently, the corresponding p-value is
less than a

Alternative Reject H, if: p-Value
. t>t Arez unde t distribut onright of t
Hy >l “
H, <y, t<-t, Areaundert distributi onleft of t
H, u# "[‘ >t ,,,thatis Twice areaundert distributi onright of |t

t> ta/2 ort< _ta/2

Test Statistic

t= X-Ho t,, t,» and p-values are based on n — 1 degrees of
s/+/n freedom.
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Example: Small Sample Test

about a Mean

Example 8.4. testing H,: (/= 18.8 versus H_: 1< 18.8

for a =0.05

(a) Setting a = .05
a=.05

—tos 0
[|
-1.761

If t < —1.761, reject Hy: p = 18.8 |

(b) The test statistic
and p-value

p-value = .0001
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Hypothesis Tests about a

Population Proportion

“*RejectH,: p = p, at thea level of significance
(probability of Type | error equal ) if and only if the
appropriate rejection point condition holds or,
equivalently, if the correspondin(-value is less thaa
**We have the following rules ...
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Hypothesis Tests about a

Population Proportion Continued

Reject H,
Alternative if: p-value
Ha: P>pp 27 “Za Area under standard normal to the righz of
Hat P< R 2% 7 Zq Area under standard normal to the left of —

H.:. p# zZ|> z.,,5 .
a b 2> 24,3 Twice the area under standard normal tc

right of |
h IStiC IS: " —
where the test statistic Is ~ D po
Z_
\/ po(l_ po)
N

* eitherz>z ,0rz<-—z,,
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Hypothesis Tests about a

Population Proportion

If the sample size n is large, we can reject Hy: p = py at the a level
of significance (probability of Type | error equal to a) if and only if the
appropriate rejection point condition holds or, equivalently, if the
corresponding p-value is less than a.

Alternative Reject H, if: p-Value
> Aree unde stc norma curve right of z
Ha b o o derstd | left of
H.:p<p, z< -2 Areaunderstdnormalcurveleft of z
Ha . P# P, ‘Z‘ > Za/zythat iS Twice areaunderstdnormal curveright of |Z

Z> Za/2 or Z< _Zalz
Test Statistic

N

P-Dy
\/ Po (1_ po)

n

A
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Example: Hypothesis Tests about a

Proportion

“» Example 8.7.
“*Testing Hy: p<0.70 versus H_: p>0.70
= P=P  _ 0.77-0.70 _ 565
\/ 0, (1 p,) \/ 0.70(1-0.70)
n 30C

2=265>7,,,=1645 2=265>2,,, =233, 2=265<z,,,, =309

p-value= P(z= 265 =(05-04960 =0.004
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Type |l Error Probabillities

« Want the probabllityd of not rejecting a false
null hypothesis

— That is, want the probabilify of committing a
Type Il error

— 1 -3 is called the power of the test
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Calculating [3

“ Assume that the sampled population is normally
distributed, or that a large sample is taken

o TestHy: u=pyg VS H  p<pyor H: > Mg or Hy: U # Mg
* Want to make the probability of a Type | error equal to a
and randomly select a sample of size n

¢ The probability 3 of a Type Il error corresponding to the
alternative value p, for i is equal to the area under the
standard normal curve to the left of

2% ‘“0 _Ha‘

a//n

Here z* equals z, If the alternative hypothesis is one-sided
(K < Mo OF | > o)

% Also z* # z , If the alternative hypothesis is two-sided
(K # Ho)
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Sample Size

% Assume that the sampled population is normally distributed,
or that a large sample is taken

o TestHy: H=HyVS. H i p<poorH_:pu>p,or H: U# |

s Want to make the probability of a Type | error equal to a and

the probability of a Type Il error corresponding to the
alternative value p, for g equal to 3

* Then take a sample of size:
P (Z* +2, )2 o2

n =
(Mo —Ha)

“ Here z* equals z,, If the alternative hypothesis is one-sided (U
< Yo Or 4> ,) and z* equals z,, If the alternative hypothesis
IS two-sided (U # W)

< Also z; Is the point on the scale of the standard normal curve

that gives a right-hand tail area equal to (3
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The Chi-Square Distribution

Chi-square curve

with df degrees
of freedom
[
¥

|
0 XE

Chi-square curve
with 5 degrees
of freedom

05

2

X

!
g
X = 11.0705

Thechi-squarey? distribution depends on the number of

degrees of freedom
e See Table A.17

A chi-square pointy?, is the point under a chi-square
distribution that gives right-hand tail area
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Statistical Inference for

Population Variance

If £ is the variance of a random samplenafieasurements from a
normal population with variana, then the sampling distribution
of the statisticrf - 1) £/ 02 is a chi-square distribution witlm ¢

1) degrees of freedom and

100(2-a)% confidence Test of Hy: 02= 07,
interval for g2 (n-1)s?
Test Statistic X° =~
UO
(n-1s" (n-1)s° Reject H in favor of
)(2 ! )(2
al2 1-al2 Ha . 0.2 S 0.5 ": XZ >X§

Al chi nt hased H,:0%<o; if x*<xi,
chi-square points are based |,". 2. ;2 12532 or y2 < y2
onn—1 degrees of freedom a o T X" 2 Xa OPX" < Xia
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Summary: Selecting an Appropriate
Test Statistic for a Test about a Population Mean

Is
the value of

o known
7

H
the population
normal
?

Is
the population

normal
7

Is ™ the population”
n large mound-shaped
(n = 30) . (single-peaked)

? L and not very

Y

Increase the Increase the
sample size to sample size to
at least 30 at least 30
to conduct the to conduct the
I hypothesis test X hypothesis test
Use or use a o or use a

22 nonparametric = nonparametric
] technique fm =0 technique
an (see Chapter 15). sivn (see Chapter 15).




